BACKGROUND-Advanced heart failure (HF) is characterized by high morbidity and mortality. Conventional therapy may not sufficiently reduce patient suffering and maximize quality of life.
INTRODUCTION
Important progress has been made over the last 25 years in the identification and use of prognosis-modifying therapies for patients with heart failure (HF) (1) . Unfortunately, over time these therapies often fail to prevent disease progression. Acute decompensated HF remains the most common cause of hospitalization in the Medicare population, highlighting the public health importance of the problem (2, 3) . Further, HF progression is a frightening and uncomfortable experience for patients, with both physical and psychological sequelae. Regarding the latter, patients with HF commonly experience depression, poor quality of life, and spiritual distress (4, 5) . The high mortality rates and poor quality of life in HF patients, despite use of contemporary therapies, suggest that new thinking is required in the management of these patients (6) (7) (8) . One approach that has shown promise for patients with advanced cancer and other serious illnesses is palliative care (9) , an interdisciplinary approach designed to improve symptoms, pain, and quality of life. Assessing the added value of palliative care in patients with HF requires a clear focus on patient-centered outcomes, particularly relief of suffering and improving quality of life as the disease advances (10) .
We conducted the Palliative Care in Heart Failure (PAL-HF) trial to assess the impact of an interdisciplinary palliative care intervention combined with usual HF management on HFrelated and overall quality of life in patients with advanced HF (Central Illustration).
METHODS

STUDY DESIGN
The design of the PAL-HF trial has been described previously (11) . Briefly, PAL-HF was a prospective, 2-arm, single-center clinical trial, enrolling patients with advanced HF and a high 6-month mortality risk based on covariates measured at enrollment. Enrolled patients were randomized in a 1:1 allocation to usual care (UC) alone or UC plus palliative care intervention (UC+PAL) using a complete randomization scheme. The trial was unblinded, since blinding of the intervention was not feasible.
The duration of the intervention phase of the trial was 6 months, but patients in both groups were followed until death or end of the study.
PAL-HF INTERVENTION
Our interdisciplinary, guideline-driven, multicomponent palliative care intervention was administered in combination with contemporary HF management as previously detailed (11) . In brief, the study team assessed and managed the multiple domains of quality of life for patients with advanced HF, including physical symptoms, psychosocial and spiritual concerns, and advance care planning. A certified palliative care nurse practitioner coordinated these aspects of the patient's care in collaboration with a hospice and palliative medicine board-certified physician. The intervention was performed in collaboration with each patient's clinical cardiology team and focused on shared goal-setting to combine HF symptom amelioration with palliative care goals. Following hospital discharge, the PAL-HF nurse practitioner actively participated in the ongoing management of the patients in the outpatient environment.
Patients were screened for depression and anxiety with the Hospital Anxiety and Depression Scale (HADS) (12) . Patients who screened positive for these symptoms were considered for referral to a mental health provider as well as for possible use of symptomatic medical therapies, including anti-depressants, anxiolytics, stress management resources, and psychotherapy. Spiritual concerns were assessed by the study nurse practitioner using the FICA (Faith and Belief, Importance, Community, Address in Care) Spiritual History Tool, and these details were shared with the intervention team (13, 14) . Goals of care were iteratively assessed by the intervention nurse practitioner using communication techniques described in the VitalTalk Curriculum (vitaltalk.org). After the 6-month intervention period was completed, the nurse practitioner continued to contact the patients in the intervention arm every 3 months to provide ongoing support and clinical care.
USUAL CARE
Patients in the UC-alone arm were managed by a cardiologist-directed team with HF expertise. Inpatient care was focused on symptom relief and use of evidence-based therapies as detailed in current guidelines (1) . Inpatient palliative care consultation was not denied to UC-alone patients. After discharge, these patients received outpatient follow-up with their general practitioners as well as an HF cardiologist or nurse practitioner with care focused on guidelines-based medication titration and serial monitoring of end-organ function.
STUDY PATIENT ELIGIBILITY
PAL-HF screened and enrolled both hospitalized patients (n =148) and recently discharged patients (n =2) who were at high risk of rehospitalization and mortality based on their ESCAPE (Evaluation Study of Congestive Heart Failure and Pulmonary Artery Catheterization Effectiveness) risk score (11, 15) . The most common reason for trial exclusion was failure to meet severity of illness criteria in the ESCAPE risk score. Hospitalized patients could be enrolled if they were expected to be discharged within 48 hours. Recently discharged patients were eligible to be enrolled if they were discharged from the hospital in the past 2 weeks and met the other study inclusion criteria. Exclusion criteria included anticipated heart transplant or ventricular assist device placement within 6 months and non-cardiac terminal illness. A complete list of inclusion and exclusion criteria has been previously reported (11) . The Duke University Medical Center Institutional Review Board approved the study. All patients provided written, informed consent.
STUDY FOLLOW-UP AND QUALITY-OF-LIFE DATA COLLECTION
Following trial enrollment, subjects underwent reassessment of their clinical status and primary outcome questionnaires at weeks 2, 6, 12, and 24 (11) .
OUTCOME MEASURES
The 2 primary endpoints were HF-specific quality of life (measured using the Kansas City Cardiomyopathy Questionnaire [KCCQ] overall summary score [16] ) and general and palliative care-specific, health-related quality of life (measured using the Functional Assessment of Chronic Illness Therapy -Palliative Care scale [FACIT-Pal] ). The KCCQ is a 23-item, disease-specific questionnaire scored from 0 to 100 with higher scores representing better health status. The overall summary score is derived from the physical function, symptom, social function, and quality-of-life domains. A 5-point change in the KCCQ overall summary score is considered a clinically meaningful difference (17) . The FACIT-Pal is a 46-item measure of self-reported generic quality of life (27 general; 19 palliative care) that assesses quality of life in several domains, including physical well-being, social/family well-being, emotional well-being, functional well-being, and palliative care with a range of 0 to 184. Higher scores indicate better quality of life. A 10-point change in the overall summary score represents a clinically meaningful difference (18) . higher scores representing increased spirituality across the range of religious traditions. HADS is a 14-item scale divided into anxiety and depression subscales (20) . Questions are scored from 0 to 3 with a cut-off point of 11 on each subscale, giving the optimal sensitivity and specificity for the presence of the corresponding psychiatric symptoms. The range of the HADS total score is 0 to 42 with depression and anxiety sub-scores each ranging from 0 to 21 and higher scores indicating worse symptoms. A score of 11 or higher on each subscale gives the optimal sensitivity and specificity for the presence of the corresponding psychiatric symptoms. These questionnaires were administered at weeks 2,12, and 24.
STATISTICAL ANALYSIS
The KCCQ overall summary and FACIT-Pal scores were selected as the co-primary endpoints of the PAL-HF study. Assuming a common standard deviation of 12 points for the KCCQ overall summary score, the planned sample size of 200 subjects (100 per arm) was projected to provide 80% power to detect a difference of 4.8 points. As noted earlier, a 5-point change in this score is the smallest change that is clinically significant at the individual patient level (17) . For the FACIT-Pal co-primary endpoint, the sample size of 200 subjects was projected to provide 80% power to detect a difference of 10 points assuming a standard deviation of 25. As noted earlier, a 10-point change in this score is the smallest change that is clinically significant at the individual patient level. Interpretive benchmarks for quality-oflife scores based on clinically significant individual patient changes must be used with the understanding that, in group-level data, group mean values typically depend on the proportion of responders in the sample (10) . Sample size calculations were based on a 2-sample t-test with a type I error rate of 0.05. The data and safety monitoring board, in consultation with the sponsoring agency, recommended a sample size reduction to 150 subjects on January 14, 2015, based upon enrollment rates, a mortality rate that was lower than predicted, and observed outcomes differences at that intermediate time point.
Baseline characteristics between treatment groups are presented using means (standard deviations) for continuous measures and counts (percentages) for categorical variables. The primary analyses of the longitudinal data from the KCCQ overall summary and FACIT-Pal scores are based on linear mixed models with an indicator variable for the treatment group. Mixed model analysis provides an approach that considers sources of variation and correlation among repeated measurements within a subject. In the analysis of repeated measurements, subjects can still be included even when some observations are missing; thus, it has advantage over the general linear model analyses in which no missing observations are allowed. The treatment effect at 6 months was calculated by using the appropriate contrast statements. Both co-primary endpoints were tested at the 2-sided type-I 0.05 level, because the KCCQ and FACIT-Pal assessments measure 2 different dimensions that are both important to patients. Mortality rates were estimated using the Kaplan-Meier method, and pvalues were computed using the log-rank test. All reported analyses were performed using the intention-to-treat principle.
RESULTS
Overall, 150 patients were enrolled in PAL-HF with 75 patients in each study arm (Online Figure 1) . The baseline characteristics of the study population are shown in Table 1 . The mean age was 71 years, 47% were women, and 41% were African-American. The mean HF duration was 66.9 months, and patients had an average of 2.2 hospitalizations in the 12 months prior to enrollment. In addition, 45% of patients had an ejection fraction >40%, and the mean baseline NT-proBNP (N-terminal B-type natriuretic peptide) was 11,576 pmol/L. Most participants (82%) were sedentary >50% of the time, and 85% rated their overall health as poor/fair. There were no significant differences in baseline demographic characteristics by treatment assignment.
The frequency of interactions that occurred between patients and providers is shown in Table  2 . The specific components of the complex interactions designed to address advanced care planning, symptom amelioration, and psychosocial and spiritual support are difficult to capture from clinical records and study documents.
During the 6-month follow-up, 30% of patients were hospitalized for HF and 29% of patients died. No differences were seen between the 2 treatment groups in either of these clinical endpoints through the 6-month follow-up point.
The primary endpoints are presented in Table 3 and Figure 1 . At baseline, the mean KCCQ score was 33.7 and the mean FACIT-Pal score was 119.3. Patients randomized to UC+PAL had greater improvements in the KCCQ overall summary score from randomization to 6 months compared with patients randomized to UC alone (9.49 point difference, 95% confidence interval [CI] 0.94 to 18.05; p =0.03). Patients randomized to UC+PAL had greater improvement in FACIT-Pal scores over 6 months compared with those randomized to UC alone (11.77 point difference, 95% CI 0.84 to 22.71; p =0.035). Table 4 and Figure 2 summarize secondary endpoints. From initial assessment through 6 months, depressive symptoms improved more in UC+PAL patients (HADS-depression difference of −1.94 points; 95% CI 3.57 to −0.31; p =0.02) compared with UC-alone patients, with similar findings for anxiety (HADS-anxiety difference of -1.83 points; 95% CI -3.64 to -0.02; p =0.048). Spiritual well-being was improved in UC+PAL patients compared with UC-alone patients (FACIT-Sp difference of 3.98 points, 95% CI 0.46 to 7.50; p =0.027).
DISCUSSION
PAL-HF is the first randomized, controlled trial of a longitudinal palliative care intervention to demonstrate the significant clinical benefit of embedding such an interdisciplinary intervention in the overall management of patients with advanced HF. The addition of palliative care principles in this vulnerable population improved physical, psychosocial (anxiety/depression), and spiritual quality-of-life measures, the key domains of patient experience in serious illness. While patient-reported outcomes are historically underused as primary outcome measures in cardiology clinical trials as compared with more traditional, objective measures (such as mortality and hospitalization rates) (20) , these "hard" endpoints are often less important to patients with incurable, advanced diseases (21) . Instead, many of these patients have a strong desire for relief of suffering and assistance with end-of-life planning (22) .
One of the primary goals of PAL-HF was to select a diverse and high-risk HF cohort that mirrors the broader population commonly admitted to the hospital. The age, sex, and race/ ethnic profile of our study cohort enhances the applicability of our findings. Trial inclusion criteria were based on symptom burden in chronic HF rather than ejection fraction, and as such, 45% of patients had preserved or mildly reduced left ventricular function. Prognostic biomarkers, including NT-proBNP and serum creatinine levels, were markedly elevated in both trial arms, suggestive of poor prognosis (23, 24) , and the KCCQ scores were demonstrative of a poor quality of life, heavy symptom burden, and high mortality risk (25) . The 6-month rehospitalization (30%) and mortality (29%) rates and relatively low use of standard guideline-directed medical therapies related to hypotension and/or renal dysfunction confirmed the selection of a high-risk population.
Previous studies of palliative care interventions in HF are few. Most have focused on providing decision-making interventions in an inpatient setting and have not extended multidisciplinary care beyond the hospital (5,6). In the only other randomized trial of HF and palliative care, Sidebottom and colleagues demonstrated improvements in quality of life and symptom burden in patients managed with standard palliative care processes (26) . PAL-HF advances the science by defining the value of a systematic approach for outpatient delivery of palliative care in the HF population. The findings support the patient-reported benefits of a care delivery model that transitions and changes, much like symptoms do, beyond the walls of the health system to the community and home settings. Though patients have reported the value of similar models in other chronic illnesses, such as HIV and oncology, the palliative care interventions have been empiric and difficult to scale (27) . The value of PAL-HF is that it demonstrates the effectiveness of an intervention that is well described and primarily dependent on a trained nurse practitioner and, therefore, could likely be more broadly applicable.
The pattern of improvement in the primary endpoints is interesting and has previously been observed in palliative care clinical investigation (28) . First, both patient cohorts improved relative to the baseline assessment, and these changes were anticipated as the acute exacerbation of HF is treated and patients leave the hospital. The real benefit of the palliative care intervention was seen after 3 months. We posit that this finding may be related to the sustained involvement of palliative care and the relationships that develop between patients, their families, and care teams. Changes in KCCQ and FACIT-Pal scores over the 6-month follow-up period were clinically relevant and as robust as any prior trial (22) .
Concordance of the 2 epistemologically distinct quality-of-life measures (the HF domains assessed by the KCCQ, and the palliative care domains assessed by FACIT-Pal) highlights the intersection of the contributions made by each of these disciplines to the common patient journey in advanced HF. While previous studies have examined the symptom experience from an HF perspective (8, 10) and reported interventions to address palliative care communication gaps (14, 29, 30) , a persistent gap has been the lack of randomized, controlled trials demonstrating the effectiveness of interventions that target the intersection of advanced HF and palliative care.
LIMITATIONS
There are several limitations to this study that should be acknowledged. First, it is a singlecenter trial. The imperative for wider dissemination of palliative care interventions in heart failure will be enhanced when others replicate our findings in additional cohorts at other centers. Our data certainly provide strong support for a larger, multicenter study. Second, while our palliative care intervention was based on approaches adapted from those used in other disease states such as oncology, it was implemented by a single nurse practitioner and palliative care specialist. Third, the intervention was delivered in an HF program that has already adopted many palliative care principles, so it is possible that the control group received care that might vary from that provided in other programs. Finally, in addition to the anticipated high mortality rate, 12% of patients were either lost to follow-up or withdrew consent for participation, due in part to advanced disease; this is consistent with other studies and reflects the difficulty of retaining seriously ill patients in clinical trials. This reduced the proportion of the study population able to contribute data to the primary endpoints. While such types of missing data can create biases in the analysis of quality-oflife data, we believe this is unlikely in our study due to the equal mortality rate in the two arms and the equivalent loss to follow-up for survivors.
CONCLUSIONS
Advanced HF imposes significant physical, psychosocial, and spiritual burdens on patients and their families. PAL-HF provides empirical evidence that palliative care improves healthrelated quality of life in end-stage HF patients. Palliative care represents an important component of the holistic management of patients with advanced HF.
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